Background. We conducted a study to examine the quality and stability of information available from the Internet on four anaesthesia-related topics.
The Internet has made a huge amount of information readily available to both the public and the medical community. In 2001, the number of health-related websites was estimated at more than 100 000. 1 The quality of the information available on the web is variable. 2 Health-related sites range from peer-reviewed medical journals and not-for-profit physician organizations to commercial sites and weblogs (online personal journals). Several studies have assessed the quality of health-related information on specific topics available on the Internet; for example, treatments for depression, 3 laparoscopy, 4 fever in children, 5 6 diarrhoea, 7 menorrhagia, 8 asthma, 9 and neurosurgery. 10 Three studies of Internet information about anaesthesia produced limited data. 11 -13 There is no consensus about the quality of the first 15 sites in search retrieval lists, to which most Internet users confine their searches. 14 Other issues include whether the quality varies according to the topic, according to the level of transparency about the source, over time, and whether the search terms used influence the quality of accessed information. A simple subjective score that reliably evaluates the quality of health-related information would be useful. Available scoring systems are complex and timeconsuming, and therefore better suited to research than to information access by individual physicians and patients.
Our study focused on issues of potential interest to both patients and anaesthesiologists. Our primary objective was to determine the quality of the first 15 websites accessed using anaesthesia-related search terms and five widely used search engines. Website transparency and design were assessed using an established scoring system (NetScoring by comparison with reference publications. Several search engines were compared. Our secondary objective was to determine whether a simple scale showed promise as a faster tool than NetScoring w for evaluating the quality of health-related information on the Internet. Finally, we evaluated the stability of Internet-accessed information over time, and we compared the quality of websites retrieved using roughly synonymous search terms.
Methods
Two anaesthesiologists independently conducted two search sessions 11 months apart, in January and November 2006.
January 2006 session: quality of information retrieved by five search engines about four anaesthesia-related topics Search strategy On a single day in January 2006, we used four terms ('porphyria', 'scleroderma', 'transfusion risk', and 'epidural analgesia risk') to look for information using the five search engines 16 (Yahoo . Thus, 20 searches were conducted in all. We selected these four terms as relevant to common concerns for patients or anaesthesiologists. Furthermore, the Internet may be a valuable source of information when time is short, for instance before emergency surgery in a patient with porphyria or scleroderma. We appraised the first 15 sites retrieved with each term and each search engine, which yielded 300 sites in all. Duplicates were skipped.
NetScoring
w evaluation of the first 15 sites In a preliminary evaluation, we found that most anaesthesiologists read only the first 15 results of their searches, in agreement with data reported by Eysenbach and Köhler.
14 Therefore, for this study, two anaesthesiologists independently assessed the first 15 sites retrieved by each of the 20 searches using main NetScoring w criteria. NetScoring w was developed for medical websites, 15 17 and includes scores for transparency, design, and accuracy of the medical content (for details, see Appendix). Medical content was scored by comparison with up-to-date information obtained from published recommendations and medical textbooks. 18 -21 The transparency, design, and medical content scores are added to obtain a global score, which was expressed as the percentage of the maximum achievable score. The presence of bibliographic references supporting the information in the site was noted. Incorrect or unbalanced (e.g. simplistic) information led to subtraction of 1 point from the medical content quality score. For each site, we compared the global scores assigned by the two investigators. When the difference was greater than 10%, the two investigators appraised the site together in order to reach an agreement on the score. Simplified evaluation of the first 100 sites for 'epidural analgesia risk' using a four-point scale The first 100 sites retrieved by Google w with the term 'epidural analgesia risk'' were assessed by each of the two anaesthesiologists in a separate session, using three criteria, each scored separately from 1 to 4 (1, poor; 2, fair; 3, good; and 4, professional): global quality of the website (simple global), quality of the medical content (simple medical content), and quality of the website design (simple design). The number of bibliographic references in each website was also recorded. We also recorded whether the site was created by a nurse, physician, healthcare institution, organization, publisher, or healthcare product manufacturer; or whether the site was an article by a journalist, an article in a medical journal, or an abstract from a medical journal without free access to the full text. Duplicate sites were not used for the analysis.
Comparison of sites retrieved by two searches using the same term 10 days apart We repeated the 'epidural analgesia risk' search on Google w 10 days after the first search, and we recorded the number of discrepancies in retrieved sites. In this second session, only medical content was assessed. The two main goals of this session were to assess stability of medical information over an 11 month period and to compare results across synonymous searching terms. We chose 'risk of epidural analgesia' for this session and used the 14 terms listed in Table 2 with three search engines (Google w , Yahoo w , and AltaVista w ). Within each search, defined as the combination of a search term used with a search engine, we considered the first 15 websites, which yielded 210 sites with each engine. Within each search, each duplicate was skipped and replaced with the next site on the list. Across searches, repeats were kept, so that the total number of sites was 630. Medical content was assessed, for each of the first 15 sites retrieved by each search.
Analysis strategy and statistics
We assessed the quality of websites retrieved using different search engines and search terms, using the first 15 sites retrieved by each search. NetScoring w results and simple scores are reported as medians and ranges. We compared the median score obtained with each search term for transparency, design and medical content, pooling data from all the five search engines. To evaluate the impact of the search strategy, we compared the median number of sites with medical-content scores !95% across search terms, with the five engines pooled. Similarly, to evaluate the impact of the search engine, we compared the median number of sites with medical-content scores !95% across search engines, with all search terms pooled. Medians were compared using Kruskal-Wallis test with Dunn's test to compare groups when the overall P-value was ,0.05. Finally, we assessed the simple subjective score using the first 100 websites retrieved by Google w (from which duplicates were excluded) with the term 'epidural analgesia risk'. To this end, we first used the first 15 sites to evaluate linear correlations between the simple score on the global criterion (simple global), the global Netscoring w value, the simple score on the medical content criterion (simple medical content), and the score for medical content accuracy. To evaluate internal consistency of the simple scale, we used the first 100 websites (after excluding duplicates) to assess correlations linking simple design, simple medical content, and number of bibliographic references to simple global.
We used the data from the November 2006 session to look for differences across search terms and search engines in the number of sites with medical-content scores !95%. The Kruskal -Wallis test with Dunn's test was used.
Results

January 2006 session
NetScoring w evaluation of the first 15 sites The global NetScoring w value was not significantly different across search engines. Therefore, we pooled scores for all the five search engines for the comparison of subscores (transparency, design, and medical content) across the four search terms. The medical content scores for the sites on transfusion risk were significantly lower than those for the sites on the other three topics ( Table 1 ). The sites retrieved by the two technical terms ('porphyria' and 'scleroderma') probably scored higher on medical content because nearly all of them were created by professionals. The transfusion risk websites also had significantly lower scores for transparency and design. In each of the 20 searches (four terms and five engines), the first 15 sites included at least one site with a medical content score .95%. When all the data were pooled, we found a small but significant decrease in medical content quality with increasing rank (n¼300, r¼0.14, P,0.05).
Simplified evaluation of 'epidural analgesia risk' sites using a simple scale to assess three items Five sites were duplicates and were excluded from the analysis, leaving 95 sites for the evaluation. Among them, 45% were authored by health professionals (Fig. 1) . Our evaluation of the first 15 sites showed that simple global correlated with the global Netscoring w value (r 2 ¼0.61, P,0.001) and that the simple medical content moderately correlated with the medical content accuracy score determined in the January 2006 session (r 2 ¼0.50, P,0.01). In the first 95 sites, simple medical content, simple design, and the number of bibliographical references each correlated significantly with simple global (r 2 ¼0.4, 0.67, and 0.18, respectively; P,0.001 for all correlations).
Comparison of sites retrieved by two searches using the same term 10 days apart We found a 16% discrepancy between the two searches. The first difference occurred at the 16th site. Anaesthesia information on the Internet
November 2006 session
Discussion
Our main findings are that the first 15 sites retrieved using health-related terms contained at least one site with high-quality medical content (score .95%), that quality decreased with increasing rank in the search retrieval list, and that a simple subjective score is effective for rating sites. Furthermore, we noted a decline in quality of information retrieved by Google w , as assessed using our criteria, contrasting with the stability of information retrieved by Yahoo w and AltaVista w . Finally, synonyms retrieved sites of comparable medical content quality.
We chose four terms that reflected a broad range of anaesthesia-related issues. This choice of terms gives our study a broader scope than many previously published studies on medical information accessed via the Internet. For instance, previous studies of Internet information on anaesthesia focused on a single topic. 11 13 Internetavailable information retrieved using two of these terms, porphyria and scleroderma, may be of special interest to anaesthesiologists looking for information before emergency surgery in patients with these rare diseases. The other two other terms related to widely performed procedures about which anaesthesiologists are likely to be fully conversant yet interested in finding material to support the information they provide to their patients.
We used the five most popular search engines. Identifying differences in site quality across engines may allow physicians to give valuable advice to patients about which engines are best.
We conducted two assessments 11-months apart. Because the Internet is a fast-growing and unregulated tool, stability over time of the information it contains is a major concern. No study can claim to supply permanently valid information about medical content on the Internet, and survival of truth in this field may well be briefer than in other areas of medicine. Clearly, studies of medical content on the Internet will have to be repeated at closely spaced intervals, and the development by the medical community of an Internet monitoring system may deserve consideration. Interestingly, we found that medical content accuracy, as assessed in our study, did not differ significantly across search engines in January 2006, whereas Google w performed significantly less well than Yahoo w and AltaVista w in November 2006. We evaluated 14 synonyms for one of our areas of interest (epidural analgesia), to evaluate whether the choice of the search term affected the quality of retrieved websites. We selected 'epidural analgesia risk', because during our first session this term was extensively tested and showed marked variations in medical content quality.
When scoring medical content accuracy, we compared the material in the sites with material in textbooks and recommendations issued by learned societies. 18 -21 This method allowed us to evaluate the 'accuracy' item, which is among the key items in the Netscoring w system. Among earlier studies of medical content on the Internet, all but six failed to indicate the source of reference data. However, the reference sources obviously influence the results of an analysis. 5 8 22 -24 We asked two physicians to evaluate the sites independently and to develop a consensus about sites for which their evaluations diverged. Fremont and colleagues 25 found a high level of intraobserver and interobserver agreement regarding scoring of medical website quality, and suggested that the best procedure may be assessment by two independent observers followed by resolution of differences.
An encouraging finding from our study is that we consistently retrieved at least one website having a medical content score .95% within the first 15 websites on the retrieval list, during two sessions done 11 months apart. Moreover, medical content quality correlated negatively with rank in the retrieval list. The presence of at least one high-quality website within the first 15 limits the impact of the variations in mean quality scores found across the four main search terms. Similarly, high-quality sites were retrieved with all 14 terms for 'epidural analgesia risk'. We retrieved higherquality websites than did many earlier studies. In a systematic review by Eysenbach and colleagues, 26 70% of studies of health-related websites concluded that quality was inadequate. However, most of these studies were conducted more than 4 yr ago, and improvements have probably occurred in the interval. In a study of sites on fever management in children, 6 a slight improvement was noted between 1997 and 2001, 5 6 although 46% of the pages retrieved in 1997 were retrieved unchanged in 2001.
Medical content accuracy may vary across topics. Topics for which the patient is also a consumer may generate a larger number of sites created by commercial entities, which may provide information of poorer quality than sites for which no conflict of interest occurs. For instance, among the sites on nutrition, 89% provided inaccurate information compared with fewer than 10% of sites on cancer. 27 Professional organizations may be another valuable source of accurate information. In a letter, Theodosiou and Theodosiou 11 reported that the best content retrieved by a Google w search using the term 'having an anaesthetic' came from the Royal College of Anaesthetists, which was the 10th retrieved site. Institutions and organizations may be more likely to follow guidelines for building high-quality health-related websites. 1 28 29 General purpose labels such as Health on the Net (HON) may promote quality, although they are awarded on the basis of formal aspects rather than accuracy of content. 11 The source of the information on the site should be clearly specified in order to help readers assess credibility. This criterion correlated with quality of medical content in our study.
Stability of quality over time is a major concern. The two searches done 11 months apart showed a good stability with two engines (Yahoo w and AltaVista w ). With Google w , however, a decline in quality, as assessed using our criteria, was noted, as a result of a sharp increase in the number of abstracts of articles published in medical journals, which focused on highly specific points rather than providing comprehensive information on the risk of epidural analgesia.
We assessed a non-validated simple scale for rapid assessment of health-related websites. Our goal was to obtain a score reflecting intuitive criteria that non-health professionals may use to select sites. The scores on each of the three items (medical content, design, and the number of references supplied in the sites) correlated with the quality assessed by Netscoring w , suggesting a good performance of the scale. Simple scales that are fast to use and relevant to criteria used by the general public would be extremely useful, especially to help non-healthcare professionals to select websites. However, in this study assessment of website quality and the preliminary validation of simple scale parameters were performed by anaesthesiologists. Further studies are needed to investigate how well non-professionals identify high-quality websites.
In conclusion, the Internet contains good quality information on several anaesthesia-related topics. We found that the first 15 sites always contained at least one highquality site. Quality was stable across synonyms, and also over time with two of three search engines. Future studies should monitor information quality over time, compare search engines, and validate simple scores that could be used by non-professionals to select reliable sites. Table A2 List of items used to score the medical content accuracy of websites on the four topics studied. All information items are affected with a weight ¼1, 
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